Although innate immune responses are necessary for the initiation of acquired immune responses and the subsequent successful elimination of pathogens, excessive responses occasionally result in lethal endotoxic shock accompanied by a cytokine storm. B and T lymphocyte attenuator (BTLA), a coinhibitory receptor with similarities to cytotoxic T-lymphocyte antigen (CTLA)-4 and programmed death (PD)-1, is expressed in not only B and T cells but also dendritic cells (DCs) and macrophages (Mϕs). Recently, several studies have reported that BTLA-deficient (BTLA −/− ) mice show enhanced pathogen clearance compared with WT mice in early phase of infections. However, the roles of BTLA expressed on innate cells in overwhelming and uncontrolled immune responses remain unclear. Here, we found that BTLA −/− mice were highly susceptible to LPS-induced endotoxic shock. LPS-induced TNF-α and IL-12 production in DCs and Mϕs was significantly enhanced in BTLA −/− mice. BTLA −/− DCs also produced high levels of TNF-α on stimulation with Pam3CSK4 but not poly(I:C) or CpG, suggesting that BTLA functions as an inhibitory molecule on Toll-like receptor signaling at cell surface but not endosome. Moreover, BTLA −/− DCs showed enhanced MyD88-and toll/IL-1R domain-containing adaptor inducing IFN (TRIF)-dependent signaling on LPS stimulation, which is associated with impaired accumulation of Src homology 2-containing protein tyrosine phosphatase in lipid rafts. Finally, we found that an agonistic anti-BTLA antibody rescued mice from LPS-induced endotoxic shock, even if the antibody was given to mice that had developed a sign of endotoxic shock. These results suggest that BTLA directly inhibits LPS responses in DCs and Mϕs and that agonistic agents for BTLA might have therapeutic potential for LPS-induced endotoxic shock.
B and T lymphocyte attenuator inhibits LPS-induced
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B and T lymphocyte attenuator (BTLA; CD272) is the third inhibitory coreceptor, which has been identified as an inhibitory coreceptor expressed on CD4 + T cells and B cells with similarities to CTLA-4 and PD-1 (9 ) mice have revealed that BTLA plays inhibitory roles in a variety of disease models, including experimental autoimmune encephalomyelitis (9), partially MHC-mismatched cardiac allograft (12) , experimental colitis (13) , and experimental hepatitis (14) . We have also shown that the deficiency of BTLA spontaneously causes the breakdown of self-tolerance, resulting in the development of an autoimmune hepatitis-like disease and lymphocytic infiltration in multiple organs in aged mice (15) . However, the administration of an agonistic anti-BLTA antibody has been shown to prevent graftversus-host disease (16) and hapten-induced contact hypersensitivity (17) . These results suggest that BTLA plays an important role in the homeostasis of acquired immune responses.
In addition to the role of BTLA in acquired immune responses, recent studies have shown that BTLA also plays a role in immune responses against infectious pathogens. Sun et al. (18) have shown that BTLA −/− mice exhibit significantly higher bacterial clearance compared with WT mice in the early phase of bacterial infection. Shubin et al. (19) have also shown that BTLA −/− mice exhibited a higher rate of survival and protection from cecal ligation and puncture. Moreover, Adler et al. (20) have shown that BTLA −/− mice exhibit strongly enhanced parasite clearance and that the increased clearance is seen before the onset of acquired immune responses. These findings suggest that BTLA is involved in the clearance of pathogens in the early phase of immune responses and that BTLA expressed on innate cells might be involved in the process. However, the role of BTLA in overwhelming and uncontrolled immune responses that lead to endotoixic shock remains unclear.
In this study, we examined the role of BTLA in innate immune responses and found that BTLA signaling inhibited LPS-induced endotoxic shock and proinflammatory cytokine production from innate cells. We also found that BTLA signaling inhibited both LPS-induced MyD88-and TRIF-dependent pathways in DCs, possibly by inducing the recruitment of SHP-2 into lipid rafts. We also showed that an agonistic anti-BTLA antibody had therapeutic potential for endotoxic shock. Our results highlight the importance of BTLA in innate immune responses.
Results

BTLA-Deficient Mice Are Highly Susceptible to LPS-Induced Endotoxic
Shock. To determine whether BTLA plays a role in the regulation of innate immune responses, we first investigated the role of BTLA in a murine model of endotoxic shock by using BTLA −/− mice. BTLA −/− mice and littermate WT control mice on a C57BL/6 background were injected i.p. with LPS (500 μg/body), and their survival, rectal temperature and cytokine levels in sera were monitored. As shown in Fig. 1A , all BTLA −/− mice died within 30 h after LPS injection, whereas over one-half of WT mice survived at 48 h after LPS injection (n = 15 for each genotype, log rank test, P < 0.0001). Body temperature was significantly decreased in BTLA −/− mice compared with WT mice at 1, 2, 4, and 8 h after LPS injection ( Fig. 1 B and C) . The levels of TNF-α and IL-12, key cytokines causing endotoxic shock (1, 21) , were significantly elevated in sera in BTLA −/− mice compared with sera in WT mice (n = 5 each, P < 0.05) (Fig. 1 D and E) . These results indicate that BTLA suppresses cytokine production and endotoxic shock on LPS stimulation.
BTLA Suppresses LPS-Induced Cytokine Production in Mϕs and DCs. It has been shown that BTLA is expressed not only on T and B cells but also DCs and Mϕs, although the expression levels of BTLA on innate cells, including Mϕs, vary depending on the strain of mice (9, 22 (Fig. S1B ). In addition, no significant difference was found in the numbers of bone marrow-derived Mϕs (BMMϕs) and bone marrow-derived DCs (BMDCs), which were obtained from the culture of bone marrow cells in BTLA −/− and WT mice (Fig. S1A ). These results suggest that BTLA is not essential for the development of DCs and Mϕs.
To determine whether BTLA is involved in the regulation of proinflammatory cytokine production in DCs and Mϕs, we next examined LPS-induced cytokine production of BMMϕs and BMDCs in BTLA −/− and WT mice. As shown in Fig. 2A , BTLA
BMDCs expressed higher levels of TNF-α, IL-6, IL-12, and IFN-β mRNA than WT BMDCs ( Fig. 2A ). In addition, BTLA
BMDCs produced larger amounts of TNF-α and IL-12 than WT BMDCs (Fig. 2B) . However, the induction of these cytokines in BMMϕs was weaker compared with BMDCs, and the difference between BTLA −/− BMMϕs and WT BMMϕs in the expression levels of these cytokines was less obvious ( Fig. 2 A and B) . These results suggest that BTLA expressed on DCs is involved in the suppression of LPS-induced cytokine production. Data are mean ± SD, n = 4. *P < 0.05, **P < 0.01. (B) Twelve hours later, the levels of TNF-α and IL-12 in the supernatants were measured by ELISA. Data are mean ± SD, n = 4. *P < 0.05, **P < 0.01. (C) BMDCs were stimulated with LPS (100 ng/mL) in the presence or absence of an agonistic anti-BTLA antibody (6A6), and the levels of TNF-α and IL-12 in the supernatants were measured by ELISA at 12 h after the stimulation. Data are mean ± SD, n = 4. *P < 0.05, **P < 0.01.
It has been shown that HVEM, which is a ligand of BTLA, also interacts with other molecules, such as LIGHT, CD160, and glycoprotein D (10, 23) . Therefore, it is possible that BTLA deficiency may affect the function of DCs through the enhancement of HVEM-mediated signaling rather than the lack of BTLA signaling in DCs. To determine whether the enhanced cytokine production in BTLA −/− BMDCs is caused by the absence of inhibitory signals from BTLA, we next examined the effect of 6A6, an agonistic antibody against BTLA (16, 24) , on LPS-induced cytokine production of BMDCs. As shown in Fig.  2C , 6A6 suppressed TNF-α and IL-12 production from WT BMDCs but not BTLA −/− BMDCs in a dose-dependent manner. These results suggest that signals through BTLA expressed on DCs inhibit LPS-induced cytokine production.
BTLA-Deficient DCs Produce High Levels of TNF-α on Stimulation with
LPS and Pam3CSK4 but Not poly(I:C) or CpG. To determine whether the inhibitory function of BTLA is specific for LPS-TLR4 signaling, we next examined the effect of other TLR ligands, such as Pam3CSK4 (TLR2/1 ligand), poly(I:C) (TLR3 ligand), and CpG oligodeoxynucleotides (TLR9 ligand), on cytokine production in WT BMDCs and BTLA −/− BMDCs. Analogous to stimulation with LPS, the induction of TNF-α mRNA (Fig. 3A) as well as the levels of TNF-α in the supernatants (Fig. 3B) were significantly enhanced in BTLA −/− BMDCs compared with WT BMDCs on stimulation with Pam3CSK4. However, the production of TNF-α was not enhanced in BTLA −/− BMDCs on the stimulation with poly(I:C) or CpG at both mRNA and protein levels (Fig. 3) . These results suggest that BTLA functions as an inhibitory molecule on TLR signaling at cell surface, where TLR4 and TLR2/1 are located, but not endosome, where TLR3 and TLR9 are located.
BTLA Inhibits both MyD88-and TRIF-Dependent Pathways of TLR4
Signaling. TLR4 signaling activates diverse transcription factors and induces proinflammatory cytokine expression through MyD88-or TRIF-dependent pathways (4). MyD88-dependent pathway activates NF-κB and ERK/MAPK pathways, whereas TRIFdependent pathway activates interferon regulatory factor (IRF)-3-dependent pathways, although there is partial cross-talk between MyD88-and TRIF-dependent pathways (4). To determine the mechanisms underlying BTLA-mediated inhibition of LPS-induced TNF-α expression in DCs, we examined the activation of these signaling pathways in LPS-stimulated BTLA −/− BMDCs and WT BMDCs. LPS stimulation strongly induced IκB-α degradation, phosphorylation of NF-κB1 and ERK1/2 in the cytoplasm, and nuclear translocation of RelA in BTLA −/− BMDCs compared with those changes in WT BMDCs (Fig. 4 A and B) . In addition, LPS-induced nuclear translocation of IRF-3 was significantly enhanced in BTLA −/− BMDCs compared with WT BMDCs (Fig. 4C ).
These results suggest that BTLA inhibits both MyD88-and TRIFdependent pathways of TLR4 signaling.
BTLA Inhibits TLR4 Signaling Through SHP-2 Activation. Given that BTLA inhibits a wide range of TLR4 signaling, we next examined proximal events of TLR4 signaling. We first examined the expression levels of TLR4 itself in BTLA −/− BMDCs and WT BMDCs and found that BTLA −/− BMDCs expressed TLR4 at the similar levels to WT BMDCs with or without LPS stimulation (Fig. S2) . It has been reported that BTLA has two immunoreceptor tyrosine-based inhibitory motifs in the cytoplasmic region and interacts directly with SHP-1 and SHP-2 (SHP-1/2) in T cells (9, 11) . It has also been reported that SHP-1/2 regulates TLR4 signaling and cytokine production in several cell types (25) (26) (27) (28) . To determine whether BTLA regulates TLR4 signaling through the activation of SHP-1/2 in DCs, we first examined SHP-1/2 phosphorylation in BTLA −/− BMDCs and WT BMDCs on LPS stimulation. As shown in Fig. 5A , SHP-2 phosphorylation was significantly increased by LPS stimulation in WT BMDCs but not BTLA −/− BMDCs. However, SHP-1 phosphorylation was similarly induced in BTLA −/− BMDCs and WT BMDCs on LPS stimulation (Fig. 5A) .
Recently, we reported that BTLA accumulates in lipid rafts after T cell receptor stimulation in T-cell lines (29) . TLR4 has also been reported to recruit into lipid rafts after LPS stimulation (30) . We, therefore, examined subcellular distribution of SHP1/2 in BTLA −/− BMDCs and WT BMDCs on LPS stimulation. As shown in Fig. 5B , SHP-1 was present in lipid raft fraction (Fig. 5B, lane 4) , which was defined by the presence of A B ganglioside GM1 before LPS stimulation and accumulated in lipid rafts with LPS stimulation in both BTLA −/− BMDCs and WT BMDCs. By contrast, SHP-2 was absent in lipid rafts before LPS stimulation and accumulated in lipid rafts on LPS stimulation in WT BMDCs but not BTLA −/− BMDCs (Fig. 5B) . These results suggest that BTLA is required for the accumulation of SHP-2 in lipid rafts on LPS stimulation.
To address the functional roles of SHP-1/2 in BTLA-mediated suppression of TLR4 signaling, we examined the effect of two SHP-1/2 inhibitors, sodium stibogluconate (SSG) and NSC87877, on LPS-induced cytokine production in BTLA −/− BMDCs and WT BMDCs. LPS-induced TNF-α and IL-12 production was significantly enhanced in SSG-treated WT BMDCs compared with vehicle-treated WT BMDCs and reached levels similar to the levels in LPS-stimulated BTLA −/− BMDCs (Fig. 5C ). However, SSG did not enhance TNF-α and IL-12 production in LPS-stimulated BTLA −/− BMDCs (Fig. 5C ). Similar results were obtained if LPS-stimulated WT BMDCs were treated with NSC87877 (Fig.  5D ). Taken together, these results suggest that SHP-1/2, especially SHP-2, is involved in BTLA-mediated suppression of TLR4 signaling.
Agonistic Anti-BTLA Antibody Rescues Mice from LPS-Induced Endotoxic Shock. To determine whether agonistic agents for BTLA might have therapeutic potential for ongoing LPS-induced endotoxic shock, we first examined whether the addition of the agonistic anti-BTLA antibody (6A6) inhibited LPS-induced cytokine production from WT BMDCs, even if 6A6 was added to the culture after LPS stimulation. The production of TNF-α and IL-12 from WT BMDCs was significantly reduced by 6A6, even when 6A6 was added at 3 h after LPS stimulation (Fig. S3) . Consistent with the observation, we found that LPS induced BTLA expression in innate cells, including splenic DCs, splenic Mϕs, and BMDCs (Fig. 6A) . The induction of BTLA expression by LPS stimulation was confirmed at transcription levels in BMDCs (Fig. 6B) . These results suggest that, in addition to BTLA expressed on DCs at steady state, newly expressed BTLA may also be involved in the inhibition of LPS-induced cytokine production in DCs.
We finally examined therapeutic potential of 6A6 on endotoxic shock by lethal doses of LPS (750 μg/body). As shown in Fig. 6C , when 6A6 was administered at 30 min before the LPS administration, 6A6 almost completely inhibited LPS-induced lethal endotoxic shock in C57BL/6 mice. Importantly, even if 6A6 was administered to the mice at 3 h after the LPS stimulation (when the mice had developed a sign of endotoxic shock), 6A6 rescued over one-half of mice from the lethal endotoxic shock (Fig. 6C) . Body temperature decrease was also significantly inhibited by 6A6, even when 6A6 was administered to the mice at 3 h after the LPS administration (Fig. 6D) . These results Data are mean ± SD, n = 10 for each group. *P < 0.05, **P < 0.01.
suggest that agonistic agents for BTLA might have therapeutic potential for LPS-induced endotoxic shock.
Discussion
In this study, we showed that BTLA inhibits LPS-induced endotoxic shock (Fig. 1) by suppressing proinflammatory cytokine production from DCs and Mϕs ( Figs. 1 and 2 ). We also showed that BTLA inhibits both MyD88-and TRIF-dependent pathways on LPS stimulation in DCs (Fig. 4) , presumably by inducing the recruitment of SHP-2 into lipid rafts (Fig. 5) . Finally, we showed that an agonistic anti-BTLA antibody reduces mortality of LPS-induced endotoxic shock (Fig. 6) . These results suggest that agonistic agents for BTLA may have therapeutic potential against endotoxic shock. We show that BTLA inhibits TLR4 signaling in DCs. We found that cytokine responses against LPS were significantly enhanced in BTLA −/− DCs (Fig. 2) . This finding is consistent with a previous study showing that BTLA −/− splenocytes produce large amounts of proinflammatory cytokines in response to heat-killed Listeria monocytogenes (18) . In addition, we found that cytokine responses against Pam3CSK4, a ligand for TLR2/1, were significantly enhanced in BTLA −/− DCs compared with WT DCs (Fig. 3) , indicating that the inhibitory effect of BTLA on TLR signaling is not restricted to TLR4 signaling. However, we found that cytokine responses against ligands for TLR3 [poly(I:C)] and TLR9 (CpG) were normal in BTLA −/− DCs (Fig. 3) . Because TLR4 and TLR2/1 are located at cell surface but TLR3 and TLR9 are located at endosome (4), it is suggested that BTLA inhibits the signaling of TLRs that are located at cell surface but not at endosome.
HVEM, a ligand of BTLA, is broadly expressed on hematopoietic cells, including DCs and Mϕs (10) . A number of studies using BTLA −/− mice and HVEM −/− mice indicates that the interaction between BTLA and HVEM causes bidirectional signaling that balances the immune responses. However, because HVEM has other ligands, including LIGHT, that may influence immune responses, data obtained from the analysis of BTLA −/− mice should be interpreted carefully. It is possible that the absence of BTLA results in increased interaction between LIGHT and HVEM, which in turn, may induce proinflammatory signals through the activation of NF-κB (10). However, we showed here that the administration of the agonistic anti-BTLA antibody 6A6 inhibited LPS-induced cytokine production from WT DCs but not BTLA −/− DCs (Fig. 2C) . We also showed that the administration of 6A6 inhibited LPS-induced endotoxic shock in WT mice (Fig. 6) . These results indicate that BTLA signaling in DCs is involved in the suppression of TLR4 signaling.
Accumulating evidence indicates that TLR signaling pathways are regulated by TIR domain-containing adaptors, such as MyD88, toll/interleukine-1 receptor (TIRAP), toll/IL-1 receptor domain-containing adaptor protein (TRIF), and TRIF-related adaptor molecule (TRAM) (4). The different uses of these adaptors provide specificity of individual TLR-mediated signaling pathways (4). For instance, TLR2, TLR7, and TLR9 transduce their signal through MyD88-dependent pathways, which results in the activation of the NF-κB pathway, whereas TLR3 transduces its signal through MyD88-independent/TRIF-dependent pathways, which results in the activation of IRF-3 (4). However, TLR4 uses both MyD88-and TRIF-dependent pathways (4). We showed that not only TLR4-mediated degradation of IκB-α and nuclear translocation of RelA but also TLR4-mediated nuclear translocation of IRF-3 was enhanced in BTLA −/− BMDCs compared with WT BMDCs (Fig. 4) . These findings suggest that the MyD88-dependent pathways as well as the TRIF-dependent pathways were suppressed by BTLA in DCs.
Ligation of BTLA by HVEM induces tyrosine phosphorylation of ITIM and subsequent association of SHP-1/SHP-2 (10). Recently, we have shown that BTLA accumulates in lipid rafts in activated T cells (29) . We showed here that LPS stimulation induced the recruitment of SHP-2 into lipid rafts and induced phosphorylation of SHP-2 in WT BMDCs but not BTLA −/− BMDCs ( Fig. 5 A and B) . We also found that SHP-2 inhibitor enhanced LPS-mediated cytokine production in WT BMDCs but not BTLA −/− BMDCs (Fig. 5 C and D) . In this regard, An et al. (25) have shown that SHP-2 suppresses TLR-triggered TRIF-dependent pathways by binding to and inhibiting activation of tank-binding kinase 1. More recently, Xu et al. (28) reported that SHP-2 suppresses MyD88-dependent pathways by interacting with TNF receptor-associated factor (TRAF)6 and controlling its ubiquitination. Taken together, these results suggest that BTLA is required for the accumulation of SHP-2 in lipid rafts on LPS stimulation and that the activated SHP-2 inhibits LPS-triggered MyD88-and TRIF-dependent pathways.
In contrast, we found that LPS-mediated phosphorylation of SHP-1 (Fig. 5A ) and its accumulation in lipid rafts (Fig. 5B) were not affected by the absence of BTLA in DCs. The precise mechanisms underlying the difference are currently unclear. However, because several molecules, including dendritic cellderived immunoglobulin receptor (31), immunoglobulin-like transcript (32) , and dendritic cell immunoreceptor (33) , have been reported to be expressed in DCs and associated with SHP-1, we assume that these molecules other than BTLA might be sufficient for the phosphorylation of SHP-1 and its accumulation in lipid rafts in DCs.
We showed that BTLA −/− mice are highly susceptible to LPSinduced endotoxic shock (Fig. 1) , suggesting that BTLA prevents excessive innate immune responses that occasionally result in lethal shock. We also showed that the administration of the agonistic anti-BTLA antibody 6A6 rescues WT mice from LPSinduced endotoxic shock even if 6A6 is administered 3 h after LPS injection (Fig. 6 ). In addition, we found that LPS signal induces the expression of BTLA in innate cells (Fig. 6) . These results suggest that BTLA functions as a negative feedback regulator of TLR4 signaling in innate cells.
Because BTLA −/− mice have been reported to exhibit significantly higher pathogen clearance compared with WT mice (18) (19) (20) , the administration of 6A6 is of potential concern for the suppression of pathogen clearance. However, it has been reported that 6A6 does not perturb protective immunity against pathogens (16, 24) . Taken together with our finding that the administration of 6A6 rescues mice from endotoxic shock, even if 6A6 is administered to the mice that have developed a sign of endotoxic shock, agonistic agents of BTLA signaling may be applicable for the prevention of septic shock in the early phase of severe bacterial infection.
In conclusion, our study shows that BTLA suppresses LPSinduced endotoxic shock, presumably by suppressing cytokine production from LPS-stimulated DCs and Mϕs. Although additional studies are required for understanding the molecular mechanisms of the findings, our results should highlight the therapeutic potential of agonistic agents for BTLA in the prevention of pathological conditions in which excessive activation of innate immune cells is involved.
Materials and Methods
Mice. BTLA −/− mice and littermate WT mice on a C57BL/6 background (9) were bred and housed in the animal facility at Chiba University. All mice were housed in microisolator cages under specific pathogen-free conditions. The Chiba University Animal Care and Use Committee approved all procedures used in this study.
Cell Culture. For the preparation of BMMϕs, BM cells (2 × 10 6 cells) were cultured in complete RPMI medium 1640 (supplemented with 10% (vol/vol) FCS, 2 mM L-glutamine, 100 U/mL penicillin, 100 μg/mL streptomycin, and 2 μM 2-ME) in the presence of macrophage colony-stimulating factor (10 ng/mL; R&D Systems) for 5 d. For the preparation of BMDCs, BM cells were cultured in complete RPMI medium 1640 containing recombinant murine granulocyte-macrophage colonystimulating factor (GM-CSF) (20 ng/mL; Peprotech); 3 d later, an equal volume of fresh medium containing GM-CSF (20 ng/mL) was added to the culture. At days 6 and 8 of the culture, one-half of the medium was replaced with fresh medium containing GM-CSF. Nonadherent cells were harvested as BMDCs at day 10.
BMMϕs or BMDCs were stimulated with LPS (100 ng/mL or 1 μg/mL, Escherichia coli 0127:B8; Sigma-Aldrich), Pam3CSK4 (200 ng/mL; InvivoGen), CpG (10 μg/mL, ODN 1585; InvivoGen), or poly(I:C) (10 μg/mL; InvivoGen). In some experiments, cells were treated with an agonistic anti-BTLA antibody (clone: 6A6) (16, 22) . In other experiments, cells were pretreated with SSG (#567565; EMD Chemicals) or NSC87877 (#565851; Merck) at 30 min before LPS stimulation.
Quantitative Real-Time PCR Analysis. Total cellular RNA was extracted with the PureLink RNA Mini Kit (Invitrogen). Reverse transcription was performed using an iScript cDNA Synthesis Kit (BioRad Laboratories). Quantitative PCR was performed with an ABI PRISM 7300 Sequence Detection System (Applied Biosystems). The levels of TNF-α, IL-6, IL-12a (IL-12 p35), IL-12b (IL-12 p40), IFN-β, and BTLA mRNA were normalized to the levels of β-actin mRNA. The sequences of PCR primers are shown in SI Text.
Flow Cytometric Analysis. Cells were incubated with anti-CD16/32 mAb (BD Biosciences) to block Fc-mediated binding, stained with indicated antibodies, and analyzed on a FACSCalibur (BD Biosciences) using CellQuestPro software (BD Biosciences) and FlowJo software (Tree Star). FITC-conjugated anti-CD11c (HL3), PE-conjugated anti-CD8α (Ly-2), PE-conjugated anti-CD11b (M1/70), and allophycocyanin-conjugated anti-B220 (RA3-6B2) were purchased from BD Biosciences. PE-conjugated anti-CD11c (N418), PerCP/Cy5.5-conjugated CD11b (M1/70), allophycocyanin-conjugated CD4 (RM4-5), and Alexa Fluor 488-conjugated anti-I-A/I-E (M5/114.15.2) were purchased from BioLegend. FITC-conjugated F4/80 (BM8), PE-conjugated anti-PDCA1 (eBio927), PE-conjugated anti-BTLA (6F7), and Alexa Fluor 647-conjugated anti-BTLA (8F4) were purchased from eBioscience. PE-conjugated anti-TLR4 (MTS510) was purchased from Santa Cruz Biotechnology.
Cytokine Assay. The amounts of TNF-α and IL-12 p70 in sera and culture supernatants were measured by ELISA kits (BD Biosciences) according to the manufacturer's protocols.
Immunoblotting. Whole-cell lysates and nuclear extracts were prepared as described elsewhere (34) . Immunoblotting was performed as described previously (35) . The following antibodies were purchased from Cell Signaling Technology: anti-IκB-α (#9242), antiphospho-NF-κB1 (Ser933, clone: 18E6), antiphospho-pERK1/2 (Thr202/Tyr204, clone: D13.14.E), anti-RelA (clone: C22B4), anti-IRF-3 (clone: D83B9), and antiphospho-SHP-2 (Tyr542, #3751). Antibodies against HSP90α/β (#sc-7947), SP1 (#sc-59), SHP-1 (sc-287), and SHP-2 (sc-280) were purchased from Santa Cruz Biotechnology. Antibody against phospho-SHP-1 (Tyr-536) was purchased from Abcom. (1 μg/mL) for 30 min, and lysed in 0.5 mL ice-cold Mes-buffered saline (25 mM Mes, 150 mM NaCl, 1% Triton X-100, 5 mM Na3VO4, 5 mM EDTA, 1 mM PMSF, and protease inhibitor mixture; Sigma Chemical). Sucrose density gradient centrifugation was performed as described previously (36) .
LPS-Induced Endotoxin Shock. BTLA −/− and WT mice (8 wk) on a C57BL/6
background were injected i.p. with LPS (500 or 750 μg/body). In some experiments, an agonistic anti-BTLA antibody 6A6 (400 μg/body) was injected i.p. at indicated time points. Survival of the mice was monitored every 3 h for 48 h. Body temperature of the mice was measured at indicated time points using a rectal thermometer. For serum cytokine assay, sera were collected at 1 and 4 h after the LPS injection.
Statistical Analysis. Data are summarized as mean ± SD. The statistical analysis of the results was performed by unpaired t test. P values < 0.05 were considered significant. The statistical analysis of survival was performed by log rank test.
